followed by UV irradiation for four days. ESI mass spectra confirmed partial oxygen exchange to yield appreciable Np 16 , the only species observed in the ESI mass spectra were monopositive AnO 2 [+] . For solution-phase Raman studies, Np(V) and Np(VI) stock solutions were prepared by reprocessing from previous synthetic experiments and purifying via cation exchange column containing Dowex-50-X8 resin.
ESI-MS Experiments
The general experimental approach has been described previously. [2] [3] [4] Anionic complexes of Experiments were performed using an Agilent 6340 quadrupole ion mass spectrometer (QIT/MS) with MS n CID capability located inside a radiological containment glovebox. The gas-phase anion coordination complexes were isolated and subjected to collision induced dissociation (CID) whereby ions are excited and undergo multiple energetic collisions with helium atoms to induce dissociation. As discussed elsewhere, the background H 2 O and O 2 pressures in the ion trap are estimated to be on the order of 10 −6 Torr, while the helium buffer gas pressure in the trap is constant at ∼10 −4 Torr. 3 Anion mass spectra for neptunyl and plutonyl complexes were acquired using the following instrumental parameters: solution flow rate, 60 μL min 
Raman Spectral Analysis
Solution-phase Raman spectra were collected on a SnRI high-resolution Sierra 2.0 Raman spectrometer equipped with 785 nm laser energy and a 2048 pixel TE-cooled CCD. Figures and peak fitting analysis for Raman spectra were done in OriginPro 9.1.0 (OriginLab). Np-HOPO samples used for data collection were prepared as follows. were combined dropwise in a 3mL glass vial.
Computational Simulations
Density functional theory (DFT) calculations with the B3LYP functional 5 were performed with the open source NWChem software suite version 6.8. Stuttgart small-core relativistic effective core-potentials (ECP) describing the 60 core electrons, and accounting for scalar relativistic effects, plus the associated basis set are used to describe the uranium atom. 6 For C, H, O, and N atoms in the modeled complexes the all-electron DFT optimized valence triple-ζ polarized (TZVP) basis sets were used. 7 In all cases, spherical basis sets were employed, and for the numerical integration of the exchange-correlation an extra fine grid was utilized. NWChem's standard convergence criteria were applied because unrestricted open-shell DFT was used for all molecular complexes. No spin−orbit coupling was included in the calculations. Starting structures for the geometry optimizations were constructed from lanthanide (Eu 3+ ) and actinide (Bk 4+ )-3,4,3-LI(1,2-HOPO) crystal (Eu) and computed (Bk) structures available in the literature. 8, 9 Multiple spinmultiplicities and geometrical configurations were explored with different starting orientations for both the neptunyl and plutonyl cations and different locations of the protons on the hydroxypyridinone units. The optimized structures were used as a starting guess for the subsequent water-loss complexes, where different combinations of proton and oxygen elimination were probed. The geometries of the complexes were optimized and all reported energies include the vibrational zero-point energy correction.
II. Additional Figures
Figure S1 CID mass spectrum of [HOPO-H] -using a nominal excitation energy of 0.5 V. The dominant pathways correspond to cleavage as indicated in the inset structure, with concomitant transfer of an H atom to the 110 m/z fragment from the 138 m/z fragment. The intensity scale is expanded for (c) such that the most intense Pu(HOPO-3H) -peak is off scale. As was observed for neptunyl complexes (Fig. S2) Ion Intensity 
III. DFT Computed Structures and Energies

